Abstract. Gonadotropin-releasing hormone (GnRH), or its analogues have been demonstrated to exhibit anti-proliferative effects on tumour cells in ovarian, endometrial and breast cancer through GnRH-receptors (GnRH-R). However, the role of GnRH in nasopharyngeal carcinoma (NPC) remains to be elucidated. In order to investigate the effects of GnRH in NPC, the present study examined the expression of the GnRH-R transcript in NPC and investigated the phenotypic changes in HK1 cells, a recurrent NPC-derived cell line, upon receiving GnRH treatment. Firstly, the GnRH-R transcript was demonstrated in the NPC cell lines and four snap frozen biopsies using reverse transcription-quantitative polymerase chain reaction. In addition, immunohistochemistry revealed the expression of GnRH-R in two of the eight (25%) NPC specimens. Treatment with GnRH induced a rapid increase in intracellular ionised calcium concentration in the NPC cells. GnRH and its agonists, triptorelin and leuprolide, exerted anti-proliferative effects on the NPC cells, as determined using an MTS assay. GnRH did not induce any cell cycle arrest in the HK1 cells under the conditions assessed in the present study. Time-lapse imaging demonstrated a reduction in cell motility in the GnRH-treated cells. In conclusion, GnRH, or its analogues may have antitumour effects on NPC cells.
Introduction
Gonadotropin-releasing hormone (GnRH) is a hypothalamic hormone, which regulates reproduction. Pulsatile secretion of GnRH stimulates the secretion of follicular stimulating hormone (FSH) and luteinizing hormone (LH) from the pituitary gland. These pituitary hormones stimulate the synthesis of gonadal steroid hormones and gametogenesis in the gonads (1) . It has been established that continuous stimulation by GnRH agonists downregulates GnRH receptors (GnRH-R) in the pituitary, resulting in a decrease in the secretions of FSH and LH, ultimately resulting in chemical castration (2) .
GnRH binds to GnRH-R, resulting in effects on cellular function (3) . Upon binding to its ligand, GnRH-R activates various intracellular mechanisms mediated by G-protein coupled receptor (GPCR) signalling, which leads to the inhibition of mitogenic signalling and results in a reduction in cell proliferation and arrest of the cell cycle in the G0/G1 phase (1) .
The presence of GnRH receptors in gonadal steroid-dependent organs and tissues, including breast, ovary, endometrium and prostate tissue, and in cancer in the respective organs has been reported. The expression of GnRH-R has been observed in 80% of human ovarian and endometrial cancer cases and 50% of breast cancer cases (4) . In addition, GnRH and/or its agonists have been demonstrated to have direct inhibitory effects on cell proliferation or invasiveness in breast (5), prostate (6), endometrial (7) and ovarian (8) cancer.
The effects of GnRH on cancer in peripheral organs other than the gonadal steroid-dependent organs remain to be fully elucidated. GnRH-R has been reported to be expressed in colorectal carcinoma cells and GnRH analogues exert direct inhibitory effects on the cells (9) . GnRH has been reported to suppress the motility and invasiveness of melanoma cells (10) . By contrast, while GnRH and GnRH-R are expressed in bladder cancer, treatment with GnRH does not have any effects on the proliferation of the cells (11) .
GnRH analogues, including leuprolide and triptorelin, which have been developed to treat gonadal steroid-dependent cancer through suppression of the pituitary gonadal axis, have also been observed to have direct effects on GnRH-R-expressing cancer cells (12) . In addition, the presence of GnRH receptors in cancer cells has been suggested for use in molecular targeted therapies. Anticancer drug treatments have been conjugated to GnRH analogues to target cancer cells expressing GnRH-R (5). For example, cytotoxic-radical-conjugated GnRH analogues have been observed to have anticancer effects in colorectal carcinoma (9) .
Nasopharyngeal carcinoma (NPC) is a major type of cancer in southern China, North Africa and Southeast Asian countries, including Malaysia (13) . Patients with NPC often present in the late stages of the disease at the time of diagnosis (14) . Radiotherapy is the primary modality of treatment for this type of cancer, however this type of therapy risks damage to the hypothalamic-pituitary axis due to the location of the nasopharynx (15) . If GnRH has effects on NPC cells, alteration of secretion of GnRH may affect the progression of NPC. To investigate this, the present study aimed to examine the expression of GnRH-R in NPC tumours, and the effects of GnRH on the NPC cells. To address this, the present study examined the expression of GnRH-R in NPC tumors, and investigated the effects of GnRH on the viability, motility and signaling of NPC cells
Materials and methods
GnRH and its analogues. Human GnRH and the GnRH analogues, leuprolide and triptorelin, were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Snap-frozen biopsies, cell lines and culture conditions.
Snap-frozen biopsies were obtained from the Department of Otorhinolaryngology, Hospital Tengku Ampuan Rahimah (Klang, Malaysia). Written informed consent was obtained from all patients prior to the biopsy procedures. The tissues were immediately snap-frozen and preserved in liquid nitrogen prior to RNA extraction. The diagnosis of NPC was confirmed from the hospital histopathology reports. All procedures for obtaining and investigating human tissues were approved by the Medical Research and Ethics Committee (Ministry of Health, Malaysia). The HK1 cells, which were provided by Professor GSW Tsao, (Hong Kong University, Hong Kong, China), is an Epstein-Barr virus (EBV)-negative NPC cell line, previously derived from a patient with recurrent NPC from Hong Kong (16) was used in the present study. The HK1 cells were maintained at 37˚C in a humidified atmosphere of 5% CO 2 in RPMI 1640 medium (Gibco Life Technologies, Carlsbad, CA, USA), supplemented with 10% fetal bovine serum (FBS; Gibco Life technologies), 50 U/ml penicillin (Invitrogen Life Technologies, Carlsbad, CA, USA) and 50 µg/ml streptomycin (Invitrogen Life Technologies). The identity of the HK1 cells was validated by DNA fingerprinting using the AmpFiSTR Identifiler ® PCR amplification kit (Applied Biosystems Life Technologies, Foster City, CA, USA) and confirmed mycoplasma free by regular assessment using a VenorGeM ® mycoplasma detection kit (Minerva Biolabs GmbH, Berlin, Germany). The C-666-1 cells, provided by Dr KW Lo (The Chinese University of Hong Kong, Hong Kong, China) is an EBV-positive NPC cell line (17) , were maintained in the same conditions as the HK1 cells, but with 15% FBS. NP69 (18) and NP460hTERT (19) are immortalised nasopharyngeal epithelial cell lines. The NP69 cells were maintained in keratinocyte-serum free medium (KSFM) supplemented with 25 µg/ml bovine pituitary extract and 0.16 ng/ml recombinant epidermal growth factor (Gibco Life Technologies). The NP460 cells were maintained in a 1:1 ratio of defined KSFM supplemented with growth factor (Gibco Life Technologies) and EpiLife medium supplemented with EpiLife Defined Growth Supplement (Cascade Biologics, Portland, OR, USA). HK1 cells were used throughout the present study, whereas the C-666-1, NP69 and NP460hTERT cells were only used in the reverse transcription-quantitative polymerase chain reaction (RT-qPCR) experiments.
Gene expression omnibus (GEO) database data mining.
A microarray dataset for NPC (GSE12452) was retrieved from the GEO database (http://www.ncbi.nlm.nih. gov/sites/GDSbrowser). The raw data were re-analysed using GeneChip ® Operating Software version 5.0 (Affymetrix, Inc., Santa Clara, CA, USA) and the number of specimens expressing the GnRH and GnRH-R transcripts were determined.
RT-qPCR of GnRH-R mRNA. Total RNA was isolated from the homogenised snap-frozen nasopharyngeal cancer tissue specimens and cultured nasopharyngeal cancer cells using an RNeasy mini kit (Qiagen GmbH, Hilden, Germany), according to the manufacturer's instructions. First strand complementary DNA (cDNA) was synthesised from 1 µg total RNA using a High-Capacity cDNA Reverse Transcription kit (Applied Biosystems Life Technologies). The primer sequences for Type-1 GnRH-R were as follows: Sense 5'-TCT GGA AAG ATC CGA GTGAC-3' and antisense 5'-TCA GCC ATC AAC AAC AGC ATCCC-3'; and the primer sequences for Type 1 GnRH (GnRH-I) were as follows: Sense 5'-TTT CCA AGA GAT AGT CAA AGA GGTT-3' and antisense 5'-TCA GAC TTT CCA GAG CTC CTT TCAG-3'. RT-qPCR was performed on a Thermal cycler (C1000 Thermal Cycler, Bio-Rad Laboratories, Inc., Hercules, CA, USA) using the cDNA product (1:25) as a template, 0.2 µM of each primer and 1X i-PCR master mix (i-DNA Biotechnology Pte. Ltd., Singapore). The cycling conditions were as follows: Initial denaturation step at 94˚C for 5 min, denaturation step at 94˚C for 30 sec, annealing step at 58˚C for 30 sec and an extension step at 72˚C for 30 sec, and a final extension for 10 min at 72˚C following the final cycle. The reactions were subjected to 35 cycles in total. As an internal reference, β-actin mRNA was amplified from the same samples. The identity of the representative amplified qPCR products were confirmed by sequencing (First Base Laboratories, Seri Kembangan, Malaysia).
Immunohistochemistry. The protein expression of GnRH-R in the NPC tissues was investigated using immunostaining with mouse anti-human GnRH-R monoclonal antibody (Clone A9E4; Leica Biosystems, Newcastle Upon Tyne, UK). Sections (4 µM) from the formalin-fixed, paraffin-embedded archival tissues were cut using a microtome (HM340E; Thermo Fisher Scientific, Walldorf, Germany). These sections were then dewaxed, and antigen retrieval was performed using citrate buffer (Dako Target Retrieval Solution, Glostrup, Denmark). The endogenous peroxidase activity was inhibited using 3.3% hydrogen peroxide. The tissue sections were rinsed with 1X Tris-buffered saline (TBS) buffer (Dako Wash Buffer; Dako Life Technologies)and incubated with anti-GnRH-R antibody (1:50 dilution) at room temperature for 2 h. Following rinsing with 1X TBS, the sections were incubated for 30 min at room temperature with anti-rabbit/mouse secondary antibody (1:5; K5007; Dako Life Technologies). The antigen-antibody complex was detected using avidin-biotin peroxidase complex solution containing 3,3'-diaminobenzidine stain and counterstained with hematoxylin (Dako Life Technologies, Glostrup, Denmark). Negative controls were performed by omitting the primary antibody. Tissue sections of breast cancer were used as a positive control.
Assessment of proliferative activity, determined using a 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) colorimetric assay.
An MTS assay was performed using a CellTiter 96 ® AQueous Non-Radioactive Cell Proliferation assay kit (Promega Corporation, Madison, WI, USA). The HK1 cells were rendered quiescent by incubation under serum-free conditions for 16 h at 37˚C, following which the cells were cultured at an approximate density of 4.0x10 3 cells/well in 96-well flat-bottom cell culture plates (Orange Scientific, Braine-l' Alleud, Belgium) containing 10% FBS supplemented medium with and without graded concentrations of GnRH or its analogues (10 -12 -10 -9 M) for 1-6 days at 37˚C. The culture medium and GnRH or analogues were refreshed each day.
The viability of the cells were determined each day of treatment with GnRH using the MTS assay. Each day, 20 µl MTS solution was added to each well and the plates were incubated at 37˚C for 4 h. The absorbance was measured on an MRX 96-well plate reader (Dynatec Laboratories, Houston, TX, USA) at a wavelength of 490 nm and a reference wavelength of 630 nm. Statistical calculations were performed using SPSS Advanced Statistical Software SPSS Inc, Chicago, IL, USA). Student's t-test was used to determine the significance of the comparison. P<0.05 was considered to indicate a statistically significant difference. The intracellular intensity changes of 10 cells from each sample were measured and compared using NIS Elements software version 4.0 (Nikon). Student's t-test was performed using SPSS. P<0.05 was considered to indicate a statistically significant difference.
Cell-cycle analysis. The HK1 cells were seeded into 100-mm culture plates at a density of 4.0x10 5 cells/dish in 6 ml culture medium. The cells were treated with GnRH at a concentration of 10 -9 M for 48 h. Untreated cells were used as a control. The cells were prepared for cell-cycle analysis using a CycleTEST PLUS DNA Reagent kit (BD BioSciences, San Jose, CA, USA). A pellet containing 5x10 5 cells was gently resuspended in 250 µl solution A, containing trypsin (BD Biosciences), followed by 200 µl solution B, containing trypsin inhibitor and RNase A (BD Biosciences), and incubated at room temperature for 10 min each. A total of 200 µl propidium iodide (PI) was added and the cell suspensions were incubated at 4˚C in the dark for 10 min. Flow-cytometric analysis of the cellular DNA content was performed using Cell Quest Pro software version 6.0 (BD Biosciences) on a FACS Calibur flow cytometer (BD BioSciences) and the results were analysed using ModFit LT™ software version 4.0 (Verity Software House, Inc., Topsham, ME, USA).
Time-lapse microscopy. The HK1 cells were starved overnight with 0.5% BSA (Sigma-Aldrich, MO, USA) in RPMI medium. A total of 1.5x10 5 cells were then seeded in glass-bottom culture plates with 1% FBS in RPMI medium. Following attachment, the cells were treated with 10 -10 M GnRH, while untreated cells served as a control. Cell migration and changes in morphology were examined under a Nikon Eclipse Ti-E inverted microscope (Nikon) with a 10x differential interference contrast objective lens for 16 h, with a time-lapse frame interval of 10 min. During image capture, the cells were cultured in 5% CO 2 at 37˚C within a humidified stage chamber. Image-Pro Plus version 6.3 (Media Cybernetics, Inc., Rockville, MD, USA) was used for analysis. The maximum speed of all cells within the frames were measured after 10 h treatment, and the mean maximum speed of the samples were compared using Student's t-test on GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). (20) on the public database, GEO, revealed that GnRH-R was expressed in 22 of the 31 NPC specimens (71%), while the hormone, GnRH, was expressed in 25 of the 31 specimens (81%). To verify this finding, several snap-frozen NPC biopsies were examined for their mRNA expression levels of GnRH-R and GnRH. As shown in Fig. 1A , amplified products of GnRH-R and GnRH, with predicted sizes of 209 bp and 116 bp, respectively, were observed from at least four samples, with a faint β-actin (internal control) band observed in sample 3. The PCR products were confirmed by sequencing.
Results

GnRH-R is expressed in NPC. The microarray dataset deposited by Sengupta et al
The GnRH-R and GnRH transcripts were expressed in the NPC and nasopharyngeal epithelial cell lines (Fig. 1B) . In addition, GnRH-R was detected by immunohistochemically in at least 25% (2/8) of NPC specimens (Fig. 1C) . The HK1 cells used were confirmed via DNA fingerprinting (data not shown) to be comparable to the cells used in other investigations (21) .
GnRH induces an increase in ionised calcium concentration in NPC cells.
Following the addition of GnRH, the fluorescence intensity of the HK1 cells increased rapidly ( Fig. 2A) . The fluorescence intensities of the untreated cells and vehicle control-treated cells (Fig. 2B) were determined for comparison. The cells, which were treated with GnRH exhibited a significantly higher increase in fluorescence intensity, compared with the cells in the vehicle control group (P<0.05; Fig. 2C and D) . These data suggested that transient elevation of ionized calcium concentration occurred when the HK1 cells were treated with GnRH, thus suggesting that the hormone induced calcium signalling in the NPC cells.
GnRH causes a reduction in cell viability, but does not cause cell cycle arrest. An MTS assay was used to investigate the effect of GnRH on the viability of the NPC/HK1 cells. The cells were cultured and treated with GnRH, leuprolide or triptorelin at graded concentrations (10 -12 -10 -9 M) and assessed with MTS for up to 6 days. GnRH, at nanomolar concentrations (10 -9 -10 -12 M) significantly inhibited the growth of the cultured cells following 2, 4 and 6 days of treatment (Fig. 3A  and B) . The maximum growth inhibition was reached with
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-9 M and 10 -10 M GnRH. Similar results were obtained with GnRH analogues (Fig. 3C and D) .
DNA contents of GnRH treated or control HK1 cells were quantitated for cell cycle analysis. The distribution of cells in the different phases of the cell cycle did not significantly change following GnRH exposure (Fig. 4) , suggesting that GnRH did not cause cell cycle arrest under the conditions described.
Effects of GnRH on cell morphology and migration. The HK1 cells were treated with 10 -10 M GnRH in low serum medium prior to time-lapse-live cell microscopic imaging. The morphology and migration of the HK1 cells were observed for 16 h with an interval of 10 min. The control (untreated) cells were found to proliferate, while the treated cells were found to undergo apoptosis (Fig. 5A) . In general, cell motility was decreased by GnRH, which was four times slower (Fig. 5B) , compared with the untreated cells.
Discussion
The expression of GnRH-R in tumour cells, including breast cancer cells, has been reported to determine the sensitivity of the cells to GnRH (22, 23) . In the present study, the expression of GnRH-R was observed in NPC at the transcriptional level, determined in frozen biopsy samples and cell lines, and (Fig. 1) , which indicated that NPC cells potentially respond to GnRH. The data (Fig. 1B) suggested that the expression of GnRH-R was higher in the NPC cells, compared with their non-NPC counterpart, although further investigations are required to confirm this. The exploitation of GnRH-R to target cancer may be possible if the levels of GnRH-R are higher in the cancer cells than in normal cells. The protein 
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expression of GnRH-R in NPC is variable. However, the detection of GnRH-R protein in a fraction (25%) of NPC specimens suggested the potential sensitivity of a subset of NPC tumours to GnRH.
The induction of calcium signalling in NPC cells by GnRH suggest that GnRH-Rs are functional. Treatment of the NPC cells with GnRH resulted in modest anti-proliferative effects on the cells. In addition, treatment with GnRH resulted in the appearance of cells undergoing apoptosis as well as a reduction in motility, although modest in certain cases.
The effects of GnRH appeared to be variable. Experiments involving the treatment of cells with GnRH are complicated by several factors, including errors in measurement, which can be significant due to the low concentration of the hormone required for treatment. In addition GnRH activity may be affected by the stability of the hormone in solution. Goodwin et al (24) reported that the half life of GnRH in treatment of Caco-2 cells was 12.2 mins, but it is known that treatment of certain tissues with GnRH can lead to rapid desensitization of the cells to the hormone (25) , leading to a reduction in the effect of GnRH. GnRH has been reported to induce opposite effects on different cell lines of similar tissue origin, including ovarian and prostate cancer (26) (27) (28) . Furthermore, GnRH is reported to have biphasic effects in the cell motility and invasiveness of ovarian cancer cells (29) . In addition, the GnRH-R signalling pathway may be affected by cross talk with other pathways and these pathways may vary with different cells types (30) . It is also possible that differences in culture conditions can affect the activation state of these other pathways, which affect the sensitivity of the cells towards GnRH.
The GnRH-R is a GPCR, which can trigger activation of the GPCR signalling pathway, leading to cellular responses (31) . During signal transduction, calcium uptake was elevated in the present study. This transient increase in ionized calcium concentration in the NPC cells upon GnRH treatment suggested the possibility that GnRH exerted effects on the cells through GPCR signalling.
In addition, endogenous GnRH may also affect responsiveness to a treatment. Endogenous GnRH has been revealed to promote cell proliferation in ovarian cancer (32) . The levels of endogenous GnRH in the cells may be controlled by a regulatory feedback mechanism, which in turn could be affected by the presence of exogenous GnRH. Therefore, treatment with exogenous GnRH may not only directly affect the cells, but it may affect the overall response indirectly by altering the levels of endogenous GnRH and, thus complicating the observation.
The anti-proliferative effects of GnRH on NPC cells, although modest, suggested that GnRH was involved, at least in part, in controlling the growth of such cancer cells. Factors, which alter the levels of GnRH, including damage to the hypothalamic-pituitary axis, may have potential effects on the growth of residual NPC cells in the body.
In conclusion, GnRH or its analogues exerted a modest inhibitory effect on cell proliferation and motility in the NPC cells. The presence of GnRH-Rs, in at least a subset of the NPC specimens, suggested that the levels of GnRH may have effects on NPC cells.
